Recently nano-materials are gaining more importance in the construction industry due to its enhanced energy efficiency, durability, economy, and sustainability. Nano-silica addition to cement based materials can control the degradation of the fundamental calcium-silicate-hydrate reaction of concrete caused by calcium leaching in water as well as block water penetration and therefore lead to improvements in durability. In this paper, the influence of synthesized nano silica from locally available rice husk on the mechanical properties and corrosion resistant properties of OPC (Ordinary Portland Cement) has been studied by conducting various experimental investigations. Micro structural properties have been assessed by conducting Scanning Electron Microscopy, Thermo gravimetry and Differential Thermal Analysis, X-Ray Diffraction analysis, and FTIR studies. The experimental results revealed that NS reacted with calcium hydroxide crystals in the cement paste and produces Calcium Silicate Hydrate gel which enhanced the strength and acts as a filler which filled the nano pores present in concrete. Hence the strength and corrosion resistant properties were enhanced than the control. which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited J Rec Const Resources 2(4) 297-306(2014) http://dx
INTRODUCTION
Durability of concrete structures in marine environment has attracted a lot of attention from many researchers, because it has critical influence on the service life of concrete structures.
The uses of mineral admixtures such as Silica fume (SF), fly ash are well recognized to enhance the properties of concrete (Hassan et al. 2000; Memon et al. 2002; Tasdemir, 2003; Gonen and Yazicioglu, 2007; Shannag, 2011) . Silica induces the pozzolanic reaction that results in a reduction of the amount of calcium hydroxide in concrete and silica fume reduces the porosity and improves the durability (Constantinides and Ulm 2004) .
Recently nano particles become increasing attention and has been applied in many fields to fabricate new materials with novelty function due to their unique physical and chemical properties. The majority of recent nano technology research in construction has focused on the structure of cement based materials and their future mechanisms. The pozzolanic activity of nano-SiO2 is more obvious than that of silica fume. Nano-SiO2 can react with calcium hydroxide crystals which are arrayed in the interfacial transition zone (ITZ) between hardened cement paste and aggregates produce C-S-H gel. The size and amount of calcium hydroxide crystals are significantly decreased and the early age strength of hardened cement paste is increased (Ye 2001; Chen and Ye 2002; Ye et al. 2003; Sobolev and Ferrara 2005) . The incorporation of nano-SiO2 can improve the resistance of water penetration through concrete (Ji 2005) . Mondal et al. (2010) has reported that samples with NS had almost twice the amount of high stiffness C-S-H as the samples with silica fume (Mondal et al. 2010) . Addition of NS (Nano-SiO2) in cement paste and concrete can result in is well reported by several authors. Bjornstrom et al. (2004) has reported the accelerating effects of colloidal NS CS (Colloidal Silica) accelerates the dissolution of the Ca3SiO5 (C3S) phase and renders a more rapid formation of C-S-H binding phase (Qing et al. 2007; Lin et al. 2008; Senff et al. 2009; Li et al. 2004; Khanzadi et al. 2010; Ranjbar and Rastegar 2009) . Gengying has reported that fly ash has low initial activity, but the pozzolanic activity has been significantly increased after incorporating a little nano-SiO2 (Li 2004) . Gaitero et al. (2008) has reported that the calcium leaching is reduced by the addition of silica nano particles with cement paste. Nano silica particles not only have the filler effect but also increase the pozzolanic activity (Givi et al. 2011 ).
However till today there is no published report on the corrosion resistant properties of the NS admixed concrete.
Hence in the present investigation, NS was synthesized from the locally available Rice Husk Ash (RHA) and it was characterized using XRD and SEM / EDAX and evaluated for their mechanical, diffusion and corrosion resistant properties using different approaches. and locally available rice husk was used for this investigation.
EXPERIMENTAL PROCEDURE
Composition of OPC and RHA are given in Table 1 .
Synthesis of nano silica
NS synthesized from RHA by precipitation method (Amutha et al. 2010 ) was used for this investigation. The Synthesized NS was amorphous in nature as evidenced from XRD ( Fig. 1) and particle size ranges from 20 to 50nm (Fig. 2) . Composition of synthesized NS is given in Table 1 and EDAX (Fig. 3 ).
Experimental Methods

Compression Test
The compressive strength of mortar is one of the most Durability Enhancement in Nano-Silica Admixed Reinforced Mortar 한국건설순환자원학회 논문집 2014년 12월 299 important properties for of durability. Mortar specimens of size 100×100×100mm cubes were cast with different types of blended cement mortars. After 24hour, the specimens were demolded and subjected to curing for 28 days in ordinary tap water. After 28 days of curing, the cubes were allowed to become dry for few hours and tested in the compression-testing machine (600KN capacity). The load was applied at the rate of 140kN/min.
The ultimate load at which the cube fails was taken for strength determination.
Split tensile test
Split tensile test was carried out as per ASTM C496-90. NS admixed cylindrical mortar of size 60mm diameter and 120mm
height were cast using 1:2.75 mortar with W/C (water to cement) ratio of 0.42. During casting, the cylinders were mechanically vibrated using a table vibrator. After 24 hours, the specimens were removed from the mould and subjected to water curing for 28 days. After the specified curing period was over, the mortar cylinders were subjected to split tensile test by using universal testing machine.
Rapid chloride ion penetration test (RCPT)
Chloride penetration is one of the intrinsic properties of concrete to be assessed independently so as to know the long-term durability of concrete structures especially in marine environments. The main mechanism for transport of chloride ions through crack-free concrete is by diffusion. This test was conducted as per ASTM C1202-09. Mortar disc of size 85mm diameter and 50mm thickness with different percentages of NS by weight of cement were cast and allowed to cure for 28 days.
After curing, the concrete specimens were subjected to RCPT by impressing 60 V to accelerate the chloride diffusion. When an electric field is applied, movement of chloride ions was due to diffusion and migration. Two halves of the PVC container of diameter 90mm with 100mm long was fixed on both sides of the mortar specimen. One side of the container was filled with 3% NaCl solution and the other side was filled with 0.3N NaOH solution. Titanium Substrate Insoluble Anode (TSIA) was kept immersed on both sides of the container. Compartment containing NaCl was connected to the negative terminal of the power supply and compartment containing NaOH was connected to the positive terminal of the power supply. Current was measured at every 30min up to 6 hours. Chloride contamination and temperature at every 30min was also monitored. Current and time chloride penetration is calculated in terms of coulombs at the end of 6 hours.
Chloride diffusion coefficient
The amount of chloride ion migrating through OPC, OPC with 0.5% to 1.5% NS admixed mortar specimens after 7,14 and 28 days of moisture curing was monitored periodically until steady state was reached (120 hours). Chloride diffusion coefficients were calculated using Nernst-Einstein equation.
Where, D is the chloride diffusion coefficient (m 
Impressed voltage test
Cylindrical mortar specimens of size 50mm diameter and 100mm height were cast using 1:2.75 mortar with NS at various percentages containing W/C of 0.42, with centrally embedded rebar of 12mm diameter and 70mm height, containing ordinary Portland cement (control) and NS. During casting, the moulds were mechanically vibrated. After 24 hours, the cylindrical specimens were demolded and allowed to water curing for 28 days and were subjected to impressed voltage test. In this technique, the mortar specimens were immersed in 5% NaCl solution and embedded steel in mortar was made as working electrode with respect to an external stainless steel serving as auxiliary electrode by applying a constant positive potential of 12 V to the system from a DC power source. The variation
of current is recorded with time. For each specimen, the time taken for initial crack and the corresponding maximum anodic current flow was recorded.
Electrochemical Impedance Spectroscopy (EIS)
The same three-electrode cell assembly was used for carrying out EIS. A time interval of 10 to 15 minutes was given for the OCP to reach a steady state value. The impedance measurements were carried out using ACM Instruments, UK.
The real part (Z') and imaginary part (-Z") of the cell impedance were measured for various frequencies (30kHz to 10mHz).
Plots Z' vs. -Z" were made. Impedance measurements were carried out for steel embedded in OPC and NS admixed mortar.
Potentiodynamic polarization studies
Polarization measurements were carried out to evaluate the corrosion kinetic parameters such as corrosion current (Icorr), corrosion potential (Ecorr), cathodic Tafels lope (bc) and anodic Tafel slope (ba). Both cathodic and anodic polarization curves were recorded potentio-dynamically using ACM Instruments, UK. The potentio-dynamic conditions correspond to a potential sweep rate of 10m Vs −1 and potential ranges of 0.2 to -0.2V from the OCP. All the experiments were carried out at constant temperature of 32±1℃.
Thermo Gravimetric Analysis (TGA)
NS at different percentages ranging from 0, 0.5, 1.0, 1.5% admixed cement mortar were analyzed by TGA. TGA was performed in a TG Analyzer Model SDT Q600 with a horizontal furnace. It is equipped with an ultra micro balance, which has a resolution of 0.11µg. Aluminium crucibles with 100µl capacity having a pin hole to obtain water vapor self-generated atmosphere were used. The decomposition temperatures of hydrates shift to higher temperature using this type of aluminium crucibles. The gas flow for the surrounding atmosphere was 75ml/min of N2. The temperature ranges between 100-1000℃ and heating rate was 10℃/min.
Scanning Electron Microscopy (SEM)
Surface morphology of NS admixed cement mortars were analyzed using scanning Electron Microscopy HITACHI Model S-3000H. The Surface morphology of hydrated products obtained by NS admixed with OPC were monitored at lower magnification.
X-Ray Diffraction (XRD)
The evolution of the hydration compounds in cement mortar with NS was evaluated by X-ray diffraction. The cement mortar samples were ground to a particle size lower than 45µm for XRD analysis. XRD measurements were performed on a diffractometer (Philips X'pert) equipped with a graphite monochrometer using Cu-Kα radiation and operating at 40kV and 20mA.
Step scanning was made from 5 to 60°-2θ using 
FT-IR Spectroscopy
The concrete specimens were broken and the powder sample collected very near to the surface of the rebar were subjected to FT-IR studies using MAKE-BRUKER Optik Gmbh FT-IR spectrometer (Model No-TENSOR27). 
RESULTS AND DISCUSSION
Compressive and Split tensile Strength
Rapid Chloride Penetration/Chloride Diffusivity Test
The amount of charge passed and steady state diffusion coefficient at different curing period were reported in and enhanced the C-S-H gel, which interconnected the micro pores present in NS admixed mortars and hence reduced the permeability of chloride. Nano silica fill the voids of the C-S-H gel structure and act as nucleus to tightly with C-S-H gel particles which reduces the calcium leaching rate of cement and therefore increasing their durability (Qing et al. 2007; Gaitero et al. 2008 ).
Electrochemical Test
Impressed Voltage Test
The current versus time behaviour of NS admixed mortar systems were illustrated in Fig. 4 From the figure it was found that 0.5 and 1% NS admixed systems have shown lesser anodic current indicating the better performance. At 1.5%, the current was found to be very high but lesser than OPC due to the presence of unreacted silica. (Muralidharan et al. 2004; Song and Saraswathy, 2006) . In this aspect both 0.5% and 1.0% NS systems were found to be more effective in controlling the corrosion of embedded steel.
Electrochemical Impedance Spectroscopy (EIS)
Tafel Polarization measurements
The corrosion kinetic parameters derived from the potentiodynamic polarization curves were given in Table 3 Therefore the systems showing corrosion rate lesser than OPC was considered to be the effective system by improving the corrosion resistance of steel in the presence of aggressive chloride ions (Muralidharan et al. 2004) . Interestingly all the NS admixed systems showed corrosion rate lesser than
mmpy, which represents the better performance by improving the corrosion resistance of steel. Among all, 1.0%
NS admixed system was found to be more effective in reducing the self-corrosion of steel in the presence of chloride. The results obtained well agree with EIS measurements.
Thermo Gravimetric Analysis
Typical plots of TG derivative curves for the NS admixed cement mortar exposed after 28 days of curing are given in Fig. 7 . Temperature between 450-510℃ is attributed to the dehydration of calcium hydroxide (Vedalakshmi et al. 2009 ).
The main hydrated phases such as Calcium silicate Hydrate (CSH), Calcium Aluminium Silicate Hydrate (C2ASH) and Calcium Aluminium Hydrate (C4AH) produced during the pozzolanic was observed between 100 and 600℃.
The sharp endotherm around 465℃ indicates the decomposition of CH formed during hydration. A significant decrease of CH peak was observed at 1.5% NS addition. In the case of 0.5 and 1.0% NS addition the stoichiometric balance of CH and CSH formation was observed from the peak which confirmed Durability Enhancement in Nano-Silica Admixed Reinforced Mortar 한국건설순환자원학회 논문집 2014년 12월 303 were performed. Addition of nano-SiO2 were found to influence hydration behaviour and led to the differences in the microstructure of hardened cement mortar. NS increases the C-S-H gel and reduced CH formation along with dense, compact and homogeneous structure with crystal formation through the pozzolanic reaction and filler effect of silica particle which is very well evidenced from the SEM images.
3.3.6 XRD 
Fourier Transform Infrared Spectroscopy
Concrete samples were characterized by FT-IR, after completion of the experiments. Three types of samples were analyzed such as OPC, OPC with 0.5 and 1.0% NS addition in cement mortar. Fig. 10 shows the detail about FT-IR peaks.
The peaks were detected in the range of 3700-3000 and 1700-450. Portlandite is barely detected at 3640cm -1 due to the OH stretching vibration; the attribution of this peak is well referenced in literature (Amboise et al. 1994; Chollet and Horgnies 2011 ).
Secondly, the major peaks are at 1100 and 974cm -1 in the characteristic of SiO4 and CSH stretching vibration (Yu et al. 1999 ). The broad peak around 3404cm -1 is assigned to the stretching vibration of the OH band from residual water (Gao et al. 1999) . Whereas in 1% NS, CO stretching reduced because nanosilica react with calcium carbonate in the range of 1490cm 
CONCLUSIONS
The following conclusions were drawn from the above investigation:
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